Physiological Significance of Plant Peroxiredoxins and the Structure-Related and Multifunctional Biochemistry of Peroxiredoxin 1.
Sessile plants respond to oxidative stress caused by internal and external stimuli by producing diverse forms of enzymatic and nonenzymatic antioxidant molecules. Peroxiredoxins (Prxs) in plants, including the Prx1, Prx5, Prx6, and PrxQ isoforms, constitute a family of antioxidant enzymes and play important functions in cells. Each Prx localizes to a specific subcellular compartment and has a distinct function in the control of plant growth, development, cellular metabolism, and various aspects of defense signaling. Recent Advances: Prx1, a typical Prx in plant chloroplasts, has redox-dependent multiple functions. It acts as a hydrogen peroxide (H2O2)-catalyzing peroxidase, a molecular chaperone, and a biological circadian marker. Prx1 undergoes a functional switching from a peroxidase to a molecular chaperone in response to oxidative stress, concomitant with the structural changes from a low-molecular-weight species to high-molecular-weight complexes mediated by the post-translational modification of its active site Cys residues. The redox status of the protein oscillates diurnally between hyperoxidation and reduction, showing a circadian rhythmic output. These dynamic structural and functional transformations mediate the effect of plant Prx1 on protecting plants from a myriad of harsh environmental stresses. The multifunctional diversity of plant Prxs and their roles in cellular defense signaling depends on their specific interaction partners, which remain largely unidentified. Therefore, the identification of Prx-interacting proteins is necessary to clarify their physiological significance. Since the functional specificity of the four plant Prx isoforms remains unclear, future studies should focus on investigating the physiological importance of each Prx isotype. Antioxid. Redox Signal. 28, 625-639.